The objectives of this work were to estimate heterosis and breed genetic effects for carcass quantity, quality, and palatability traits of steers (Bos spp.) produced from matings of Romosinuano, Brahman, and Angus cattle. Steers (n = 464) were weaned at 7 mo of age and transported to the Southern Great Plains where they grazed winter wheat for 6 mo and were then fed a fi nishing diet until serial slaughter after different days on feed (average 130 d). Carcass quality and quantity traits were measured; steaks (aged 7 d) were obtained for palatability evaluation. Heterosis was detected for BW, HCW, dressing percentage, LM area, and yield grade for all pairs of breeds. Generally, Romosinuano-Angus heterosis estimates were smallest, Romosinuano-Brahman estimates were intermediate, and Brahman-Angus heterosis estimates were largest. The direct Romosinuano effect was to decrease (P < 0.05) BW (-67 ± 16 kg), HCW (-48 ± 10 kg), dressing percentage (-1.4 ± 0.5 units), 12th rib fat thickness (-5.2 ± 0.8 mm), and yield grade (-0.9 ± 0.1), and to increase LM area per 100 kg HCW (3.6 ± 0.3 cm 2 /100 kg). Signifi cant Brahman direct effects were detected for BW (34 ± 17 kg), HCW (29 ± 10 kg), dressing percentage (1.6 ± 0.6 %), LM area per 100 kg HCW (-3.3 ± 0.4 cm 2 /100 kg), and yield grade (0.6 ± 0.1). Signifi cant Angus direct effects were to increase 12th rib fat thickness (3.8 ± 1 mm). Among sire breed means, Romosinuano had reduced (P = 0.002) marbling score (393 ± 9) than Angus, but greater mean sensory tenderness scores (5.8 ± 0.1), and reduced percentage Standard carcasses (10 ± 2%) than Brahman (P < 0.002). Angus sire breed means for marbling score (475 ± 10), overall tenderness (5.8 ± 0.1), and percentage Choice carcasses (75 ± 5%) were greater (P < 0.05) than Brahman sire breed means (360 ± 11, 5.4 ± 0.1, 31 ± 5%). From consideration only of characteristics of the end product of beef production, Romosinuano did not provide a clearly superior alternative to Brahman for U.S. producers, as they had some quality and palatability advantages relative to Brahman, but at lighter HCW.
INTRODUCTION
Brahman crossbred cows are adapted, superior performers and widely used by cow-calf producers in the Southern United States, primarily because of the harsh conditions in that region. The steer half-siblings of these females are often sent to the Great Plains for feeding until slaughter. The reputation for inadequate carcass quality and tenderness for both Brahman purebreds and crossbreds almost surely results in lower prices paid for calves with visible Brahman inheritance. Other cattle of the world are adapted to the conditions of the trop-ics and subtropics; these include the Bos taurus Criollo breeds of South America. These Criollo breeds, when crossed with Brahman or other breeds, result in adapted females (Primo, 1990 ) that could be used in cow-calf production to produce calves that might perform adequately in U.S. beef production traits, while minimizing some of the heat-related feedlot losses associated with summer feeding (as does Brahman). Investigation of the performance of Criollo cattle in the United States has been limited. A project was designed to investigate performance of the Criollo breed Romosinuano as purebreds and as crossbreds in all stages of beef production (Riley et al., 2007) . Females were retained and evaluated and the male calves in the present study were managed in a manner similar to that of typical calves from the U.S. Southeast. The hypothesis of this work was that estimates of heterosis in Romosinuano crosses and estimates of Romosinuano direct and maternal effects for carcass traits of steers would statistically differ from 0. The objective of this work was to estimate heterosis and breed genetic effects for carcass quantity, quality, and palatability traits of steers produced from matings of Romosinuano, Brahman, and Angus cattle.
MATERIALS AND METHODS
All procedures involving animals were approved by the local institutional animal care and use committee.
Breeding Design and Procedures
The overall project breeding design was detailed previously (Riley et al., 2007) . All possible matings of Romosinuano, Brahman, and Angus bulls and cows (all parents were straightbred) were made, resulting in 3 straightbred groups (Romosinuano, Brahman, and Angus) and 6 crossbred groups, considering reciprocal F 1 s to be distinct groups (e.g., calves sired by Romosinuano bulls and out of Brahman cows, and calves sired by Brahman bulls and out of Romosinuano dams). Steers were springborn in 2002, 2003, and 2004 (n = 137, 148, and 179 steers, respectively) at the USDA, ARS, Subtropical Agricultural Research Station (28°55´ N, 82°39´ W). Steers were weaned at approximately 7 mo of age in September of each year in 3 separate weeks. A total of 12 Angus, 11 Brahman, and 16 Romosinuano bulls sired steers with records in these data (average of 14, 13, and 10 steers per Angus, Brahman, and Romosinuano sire, respectively).
Weaned calves were provided a commercial preconditioning concentrate (14% CP, cottonseed/soybean meal based ration; 1.8 kg per calf per day) and free-choice grass hay for 21 to 35 d after weaning. In mid-October of each year, steers were transported by semi trailer to the Grazinglands Research Laboratory (GRL) at El Reno, Oklahoma (35°32´ N, 98°02´ W). After a short receiving period, they were assigned to 2 winter wheat pasture management groups (Phillips et al., 2010) with 2 pastures per winter management treatment. During the winter phase (mean grazing period = 120 d; range 115 to 127 d; November to March), 2 pastures were grazed continuously (stocking rate = 0.83 ± 0.08 ha/steer) and 2 pastures were grazed one-half of the time (stocking rate = 0.43 ± 0.04 ha/steer). Steers were placed in pens 3 times each week for 28 h to limit access to wheat pasture to 84 h or 3.5 d/week. When not grazing wheat pasture, steers had ad libitum access to grass hay (9.6% CP, 1.22 Mcal NE m /kg, and 0.66 Mcal NE g /kg), and were limit-fed (3 meals/wk) a pelletized supplement at the rate of 1.4% of BW/meal (DM basis). The pelletized supplement (Evergreen Feed Mill, El Reno, OK, as well as a grain company in Enid, OK) was commercially available and had a guaranteed nutrient content of 9% CP, 2.25% fat, and 19% crude fi ber. The spring wheat pasture grazing season began in mid-March. Calves from 1 control and 1 limit-grazed pasture were combined into a single herd and grazed a single wheat pasture at a stocking rate = 0.23 ± 0.029 ha/steer for an average of 50 d (range 48 to 54 d).
Each year, at the end of the spring wheat pasture season (fi rst week of May), the heaviest 10 steers from each breed group were assigned in pairs to GRL feeding pens (n = 15; 6 steers per pen; 2.6 m 2 of surface area/steer and equipped with Calan head gates; American Calan, Inc., Northwest, NH). Assignments were made so that pairs of steers from each breed group were penned at least once with pairs of steers from every other breed group. Assignments were modifi ed when necessary to ensure equal (as much as possible) representation of sires in the steers assigned to feeding pens. Those steers that remained were then assigned to larger feeding pens (5.1 m 2 of surface area/steer). Four large pens were used in the fi rst 2 projects and 6 pens in the fi nal project year (n = 12 to 16 steers per pen).
Steers were initially fed a diet containing 48% ground alfalfa hay, and the amount of hay was reduced and the amount of corn increased by approximately 13% each week until the diet contained only 8% alfalfa hay. On a DM basis, the fi nal diet consisted of 5% molasses, 3% cottonseed meal, 0.75% limestone, 82.4% corn, 8% alfalfa hay, and 0.85% urea. The fi nal diet was formulated to contain 13.6 % CP, 84.1 % TDN, 2.02 Mcal NE m / kg, 1.33 Mcal NE g /kg, 0.40% Ca, and 0.37% P. In Years 1 and 2, the fi nal diet contained 33 mg of lasalocid/kg of diet, but in Year 3, a combination of monensin (35 mg/ kg; Rumensin, Elanco Animal Health, Indianapolis, IN) and tylosin (11.5 mg/kg; Tylan, Elanco Animal Health, Indianapolis, IN) was used instead of lasalocid. Diet DM was determined weekly by drying a sample in a forced air oven at 60°C for 72 h. Steers had ad libitum access to a mineral block in each pen, which had 2.8% Ca, 95.0% salt, 1% S, 25 mg/kg Co, 150 mg/kg Cu, 90 mg/kg I, 1,500 mg/kg Fe, 3,000 mg/kg Mn, 10 mg/kg Se, 2,500 mg/kg Zn.
One third of the steers in each pen and breed group was randomly assigned (also with respect to sires) to each of 3 harvest dates in August, September, and October of each year, which corresponded to averages of d 101, 129, and 157 of the fi nishing period. Steers were transported approximately 350 km to Amarillo, TX, to a commercial processing facility for harvesting.
Traits Evaluated
Traits evaluated included those that affect USDA carcass yield and quality grades, and assessments of palatability (Table 1 ). The HCW was divided by fi nal BW (shrunk weight before transportation) to estimate dressing percentage. After chilling for approximately 18 to 24 h, trained personnel measured fat thickness, LM area (analyzed as measured and per 100 kg of HCW), and marbling score (100 to 199 = Devoid; 200 to 299 = Traces; 300 to 399 = Slight; 400 to 499 = Small; 500 to 599 = Modest; 600 to 699 = Moderate) at the 12th to 13th rib interface on each carcass, and USDA quality grade. The 3 most anterior steaks (2.54-cm thick) from the strip loin were obtained and aged 7 d. They were vacuum-packaged, and transported frozen to the University of Florida for shear force and sensory panel evaluation. Steaks were randomly designated to Warner-Bratzler shear force and sensory panel evaluations and prepared according to AMSA (1995) guidelines. Samples were cooked utilizing a dry heat cookery method on a Farberware Open-Hearth Grille (Yonkers, NY). The samples were cooked to an internal temperature of 71°C and turned after the internal temperature reached 35°C. Peak shear force was measured on 6 to 8 cores per steak that were 1.27 cm in diameter using a Warner-Bratzler shearing device, and analyzed as the average of those values. The cores were sheared perpendicular to the longitudinal orientation of the muscle fibers with a Warner-Bratzler attachment (crosshead speed = 200 mm/min) on an Instron Universal Testing machine (Instron Corporation, Canton, MA). Cooked loin steaks were cut into 1.27-cm 2 samples and served warm to an 8-to 10-member trained sensory panel (AMSA, 1995) , and were evaluated for juiciness, fl avor intensity, panel tenderness, and detectable amount of connective tissue on scales from 1 to 8 (1 = extremely dry, extremely bland, extremely tough, abundant amount; 8 = extremely juicy, extremely intense, extremely tender, none detected). Off fl avor of steak samples was evaluated on a scale from 1 to 6 (1 = extreme off fl avor; 6 = no off fl avor detected). Sensory traits were analyzed as the average of the responses of the panelists.
Statistical Analysis
Data were analyzed using mixed linear models with the MIXED procedures (SAS Inst. Inc., Cary, NC). Fixed effects investigated in all analyses included sire breed, dam breed, year of record, stocker phase management group, the age of the dam of the steer in years (3 groups: 3-and 4-yr-olds; 5-to 10-yr-olds; and cows older than 10 yr), pen nested within year, and all possible interactions. Sire of steer within sire breed and dam of steer within dam breed were random terms. Linear regressions of traits on age in days at the start of the feeding period and days fed were fi tted for all traits, and were investigated within breed groups. Days fed was also investigated as a quadratic regression, both across and within breed groups. Observations > 4 SD from the mean were not included in analyses. For each trait, any effect with an F ratio with P < 0.05 in preliminary analyses was kept in fi nal models. All possible comparisons of sire breed × dam breed interaction means, or their main effects when interactions were not detected, were made using the Tukey-Kramer test procedure (Tukey, 1953 , with modifi cation for unequal numbers of observations 2 Sensory traits (averages of panelist responses): tenderness, detectable amount of connective tissue, beef fl avor intensity, and juiciness on scales from 1−8 (1 = extremely tough, abundant amount, extremely bland, extremely dry; 8 = extremely tender, no connective tissue detected, extremely intense fl avor, extremely juicy). Off fl avor of steak samples was evaluated on a scale from 1−6 (1 = extreme off fl avor; 6 = no off fl avor detected).
in means according to Kramer, 1956) within SAS, in which differences between means i and j are tested aŝ where i y and j y are least squares means and ˆi j σ is the square root of the estimated variance of the difference between the two least squares means. In a Tukey-Kramer test, differences are declared signifi cant when |t ij | exceeds a critical value associated with α = 0.05 (probability of a Type I error) from the studentized range (q) distribution relative to the number of comparisons being made and the error degrees of freedom.
More than one-half of the Angus-sired steers were by bulls from outside of the Brooksville research herd. Because Angus born in the Brooksville herd appeared to be very different from outside Angus (Riley et al., 2011) , source of Angus sire was evaluated in preliminary analyses of all traits (Riley et al., 2007) by considering the 2 sources as distinct sire breed groups. Linear functions of the appropriate sire breed means (outside source minus within herd) were used to assess Angus sire source differences.
Contrasts of appropriate least squares means were constructed based on concepts described by Dickerson (1973) to estimate breed direct, breed maternal, and heterosis effects for each trait. Maternal breed effects were estimated as the average difference between reciprocal crossbred groups, e.g., the Romosinuano maternal effect is 1/2 [(AR -RA) + (BR -RB)], in which pairs of letters indicate calf breed group means, and the fi rst and second letters indicate the breed of sire and dam of calves in the group; and R, B, and A indicate Romosinuano, Brahman, and Angus, respectively. Direct breed effects for each breed were estimated as the purebred mean minus the maternal effect for that breed minus the average of the other two pure breeds {e.g., Romosinuano direct breed effects were estimated by RR -1/2 [(AR -RA) + (BR -RB)] -1/2 [(AA + BB)]}. Within a trait, the estimates of breed direct or maternal effects sum to 0. Estimates of heterosis for pairs of breeds for each trait consisted of a contrast between the averages of the crossbred and purebred groups {e.g., the heterosis for Romosinuano and Brahman was estimated by 1/2 [(RB + BR) -(RR + BB)]}. These could only be estimated contingent upon the detection of signifi cant interaction of sire breed and dam breed effects. If that interaction was not signifi cant, the main effects of sire breed and dam breed were presented.
The proportions of steers grading Choice or Standard were evaluated using 2 sets of analyses. Steers grading Choice (or Standard in separate analyses) were assigned values of 1; all others were assigned values of 0. First, these were analyzed as if they were normally-distributed using the procedures and models described for other traits. Subsequently, breed group (sire breed-dam breed combinations) means were tested for deviation from χ 2 expectation using FREQ procedures of SAS.
RESULTS
The sire breed-dam breed interaction was the effect of interest in this study, but it was signifi cant only for these traits: fi nal BW, HCW, dressing percentage, LM area, LM area/100 kg, fat thickness, and yield grade. Interactions were not detected in analyses of beef fl avor intensity, juiciness, or off-fl avor scores. The interaction of sire breed and dam breed had partial R 2 values (produced from fi xed effect models) that ranged from 0.03 (fat thickness) to 0.1 (HCW). As a proportion of the sire partial R 2 values, these ranged from 0.23 (dressing percentage) to 0.95 (HCW). Sire and dam breeds as main effects were signifi cant for marbling score, percentage Choice, percentage Standard, shear force, and all sensory panel traits except for beef fl avor intensity and off fl avor assessment (P > 0.28). Partial R 2 values for sire breed (from fi xed effect models) ranged from 0.01 (Warner-Bratzler shear force, connective tissue amount) to 0.06 (marbling score). These values were from 0.1 (connective tissue amount) to 0.75 (marbling score) of the partial R 2 values for sire. Partial R 2 values for dam breed ranged from 0.02 (Warner-Bratzler shear force, connective tissue amount, percentage Standard carcasses) to 0.12 (marbling score). These values as a proportion of the partial R 2 values for sire ranged from 0.15 (Warner-Bratzler shear force) to 1.5 (marbling score). Pen within year and year were retained in fi nal models. Stocker management group, age of dam, and source of Angus sire were not retained in fi nal models for any trait (P > 0.31). Linear regression of the dependent variables on age and days fed were in most cases highly signifi cant and positive in sign. A single exception was for LM area per 100 kg HCW; solutions were -0.01 ± 0.005 (P = 0.14) and -0.03 ± 0.004 cm 2 /100 kg (P < 0.001), respectively.
Straightbred groups and the Romosinuano-sired F 1 groups had signifi cantly lighter BW and HCW than the other F 1 groups (Table 2) . Dressing percentage means for Brahman-sired steers out of Angus and Romosinuano dams (63.6 and 63.3%, respectively) were greater (P < 0.05) than all straightbred means and that for Romosinuano-sired steers out of Brahman dams. Brahman-Angus F 1 steers (Brahman-sired) had larger (P < 0.05) fat thickness (18.0 mm) than all groups except Angus steers (15.9 mm). Straightbred Romosinuano and Brahman, and F 1 Romosinuano-sired steers out of Brahman dams had reduced fat thickness means than the other breed groups except Romosinuano-sired steers out of Angus dams. Although the regression of fat thickness on age did not differ from 0 (P = 0.71), the linear covariate estimate for days on feed was 0.07 ± 0.01 mm (P < 0.001).
Brahman had the smallest LM area mean (71.7 cm 2 ), which was lower (P < 0.05) than all breed groups except Romosinuano and Romosinuano-sired steers out of Brahman dams. However, Romosinuano had signifi cantly greater LM area per 100 kg HCW than 4 of the 6 F 1 groups. F 1 steers sired by Brahman and out of Angus dams had the highest (P < 0.05) USDA yield grade mean (3.8) of all breed groups. Romosinuano and Romosinuano-sired steers out of Brahman dams had lower yield grade means than all groups except Brahman straightbreds and Romosinuanosired steers out of Angus dams. The regression of yield grade on days on feed was 0.01 ± 0.001 (P < 0.001).
Although the interaction of sire breed and dam breed was not detected (P > 0.24) for marbling score, percentage grading Choice or Standard, Warner-Bratzler shear force, or sensory panel tenderness and connective tissue amount, the sire and dam breed main effects were significant (Table 3) . Romosinuano had a lower (P < 0.001) marbling score sire breed mean than Angus, but did not otherwise differ from Angus for these traits. Romosinuano sire breed means were greater (P < 0.01) than Brahman for sensory panel tenderness and connective tissue amount, and were lower (P < 0.003) than Brahman for percentage grading Standard. Angus sire breed means were greater (P < 0.05) than Brahman sire breed means for marbling score, percentage grading Choice, sensory panel tenderness (which indicated more tender steaks), and connective tissue amount (lower amounts). Angus sire breed means were less (P < 0.04) than Brahman for Warner-Bratzler shear force and percentage grading Standard.
All dam breed means differed (P < 0.003) for marbling score and percentage Choice; Angus means were greatest, Romosinuano means were intermediate, and Brahman were least. Romosinuano dam breed means did 2 Breed group designation: the fi rst and second letters in a pair indicate the breed of sire and dam, respectively for the steers in that group: R = Romosinuano, B = Brahman, and A = Angus.
3 SE are averaged across breed groups. not differ from Angus for Warner-Bratzler shear force, sensory panel tenderness, connective tissue amount, or percentage Standard carcasses. Brahman dam breed shear force was greater (P = 0.01) than Angus. Brahman dam breed means were largest for percentage Standard and least for sensory panel tenderness (P < 0.001).
Breed group distributions of carcasses grading Choice and Standard differed from χ 2 expectation (P < 0.001). Angus straightbreds and crossbreds had greater percentages of Choice grade carcasses (ranged from 58% for Angus-sired steers out of Brahman dams to 92% for Angus steers) and decreased percentages of Standard grade carcasses (ranged from 0 for Angus to 15.6% for Angus-sired steers out of Brahman dams). Brahman and Brahman-Romosinuano steers had the least percentage of Choice carcasses (8.5 and 19.3%, respectively) and the greatest percentage of Standard carcasses (44.7 and 21.5%, respectively).
Estimates of Genetic Effects
Heterosis (<10% of straightbred average) was detected (P < 0.05) for BW, HCW, dressing percentage, LM area, and LM area per 100 kg HCW (negative) for Romosinuano with Angus and Romosinuano with Brahman (Table 4) . Romosinuano-Brahman heterosis (9.5 to 15.6%) was detected (P < 0002) for 12th rib fat thickness and yield grade. The estimates for BrahmanAngus for all 7 traits were of greater magnitude (P < 0.001) than corresponding Romosinuano estimates.
The estimated Romosinuano breed direct effects (P < 0.02) were to reduce BW, HCW, dressing percentage, 12th rib fat thickness, and yield grade, but to increase LM area per 100 kg HCW. The estimated Brahman direct effects (P < 0.02) were to increase BW, HCW, dressing percentage, and yield grade, and to decrease LM area per 100 kg HCW. Angus direct effects (P < 0.05) were to increase BW, HCW, 12th rib fat thickness, LM area, and yield grade. Maternal breed effects were detected (P < 0.03) for Romosinuano and Brahman for most of these traits; however, they were of opposite numerical sign than direct effects.
DISCUSSION
Estimates of heterosis for carcass weight and 12th rib fat thickness for these pairs of breeds were greater than the average (carcass weight 3 to 6.5%; fat thickness -0.3 to 10.1%) from estimates summarized in reviews (Long, 1980; Burrow et al., 2001 ), but much less than 36% reported for generations of rotational crossbreeding in Charolais-Nelore in Brazil (Menezes et al., 2005b) . 9.6 6.1 0.4 0.7 1.4 0.4 0.09 1 Breed group designation: the fi rst and second letters in a pair indicate the breed of sire and dam, respectively for the steers in that group: R = Romosinuano, B = Brahman, and A = Angus.
2 SE are averages within effects within traits.
*P < 0.05; ** P < 0.01; *** P < 0.001; empty cells indicate estimates that did not differ from 0 (P > 0.05).
Estimates of heterosis for LM area were generally consistent with those reports, but less than that (13%) reported by Menezes et al. (2005b) . The greater estimate for LM area in Brahman-Angus (7.1%) was consistent with Brahman-Angus and Brahman-Hereford estimates (7.4%) from earlier work with bulls in Texas (Baker et al., 1984) . Estimates of Brahman-Angus or BrahmanRomosinuano heterosis (in units of each trait) were similar to those reported from the analyses of data assimilated from multiple studies for carcass weight, LM area, and fat thickness for Zebu with either British or Continental Bos taurus breeds (Williams et al., 2010) . The negative heterosis estimates for LM area per 100 kg HCW were of slightly smaller magnitude than that (-10.5%) reported by Menezes et al. (2005b) . Estimates of heterosis for dressing percentage were low and generally consistent with the averages reported in reviews (Long, 1980; Marshall, 1994; Burrow et al., 2001) . Heterosis estimates for yield grade were larger than the average (5.4%) from the review of Marshall (1994) . The failure to detect a sire breed-dam breed interaction for marbling, shear force, and sensory panel tenderness prevented estimation of heterosis. This is consistent with the failure to detect heterosis for marbling score (Chase et al., 1998; Gazzola et al., 1999; Menezes et al., 2005a) , and the low estimates summarized in the review of Burrow et al. (2001) . However, Williams et al. (2010) reported estimates of heterosis for marbling score (0.09 and 0.3 for Brahman with British and Continental breeds, respectively; marbling score ranged from 2.0, which is the lower limit of practically devoid, to 10.9, the upper limit of abundant). Additionally, Elzo et al. (1998) presented non-additive effects (which probably consist of at least dominance effects, which are presumed to be in large part responsible for heterosis for many traits) for marbling score in crosses of Brahman and Angus of various percentages of each breed.
Others, however, have detected genetic effects for Warner-Bratzler shear force and for other traits related to palatability. Burrow et al. (2001) reported in their review of such work an average -6.7% heterosis for shear force. Menezes et al. (2005a) reported unfavorable (14%) heterosis for shear force in the 3rd generation of rotational crossbreeding, but favorable estimates (8 to 12%) for sensory panel tenderness and juiciness scores in different generations.
The estimates of Romosinuano direct effects for the traits related to yield in Table 4 and the sire and dam breed Romosinuano means for traits related to palatability and quality in Table 3 were consistent with the limited work done with the breed as straightbreds relative to Angus (Phillips et al., 2006) or as bulls, or crossbred steers or heifers (Jerez-Timaure et al., 2009; Casas et al., 2010; Wheeler et al., 2010) . In those studies, Romosinuano was generally associated with lighter carcasses and lower intramuscular and external fat deposition relative to Bos taurus breeds, but similar LM area. This counters the early reputation of the breed in this country for having inadequate muscle for U.S. production systems.
The sire and dam breed means for marbling score, sensory panel measurements, and percentage of carcasses grading Choice and Standard indicated that Romosinuano may have advantage relative to Brahman for some of these traits. The results for Romosinuano in this study appeared to be similar to those of other tropically-adapted Bos taurus, that is, generally lighter and leaner than both Bos indicus and temperate Bos taurus breeds, but with somewhat improved marbling score and palatability than Bos indicus (Herring et al., 1996; Chase et al., 1998; Wheeler et al., 2001 ). Sire and dam breed means for Brahman were generally consistent with what has been reported for the breed (e.g., Franke, 1997; Wheeler et al., 2001; Schutt et al., 2009a,b) , and the Brahman direct effects for these carcass traits were similar to Brahman deviations from Angus (Elzo et al., 1998; Williams et al., 2010) .
In summary, Romosinuano steers appeared to have some quality and palatability advantages relative to Brahman. These included superior sensory panel tenderness sire and dam breed means, greater sire breed mean for quantity of connective tissue (indicating lower amounts of detected connective tissue), greater dam breed means for marbling score and % USDA Choice carcasses, and decreased dam breed means for % USDA Standard carcasses. Although Romosinuano straightbred and crossbred carcasses had better yield grade means, they had reduced means for fi nal and carcass weights, which may offset other advantages. The use of the Brahman in the Southern United States is primarily as crossbred cows. If Romosinuano crossbred cows do not exhibit similar performances in reproductive traits, the carcass and beef palatability advantages of the breed will not be important when producers make breed usage decisions.
